Four geometric isomers of a leukotriene B3 derivative (1b, 2b, 3b, 4b) and their nor derivatives (1a, 2a, 3a, 4a) were synthesized selectively from a common starting material by the same methodology using the Wittig-Horner reaction. All optical isomers of all-trans nor leukotriene B3 dimethylamide (1a), one of the eight compounds, were also synthesized. Leukotriene B4(LTB4), a metabolite of arachidonic acid, has been reported to have various pharmacological actions such as chemotaxis, chemokinesis, aggregation and degranulation of leukocytes in vitro.' Therefore, it is thought to be a primary mediator in inflammatory and allergic states, and inhibitors of its actions are expected to have therapeutic potential. We planned to synthesize several LTB4 derivatives for a study of the structure-activity relationships, focusing on the stereochemistry of the conjugated triene part.
Leukotriene B4(LTB4), a metabolite of arachidonic acid, has been reported to have various pharmacological actions such as chemotaxis, chemokinesis, aggregation and degranulation of leukocytes in vitro.' Therefore, it is thought to be a primary mediator in inflammatory and allergic states, and inhibitors of its actions are expected to have therapeutic potential. We planned to synthesize several LTB4 derivatives for a study of the structure-activity relationships, focusing on the stereochemistry of the conjugated triene part.
2) The influence of the C-14,15 double bond was removed by saturation, and the carboxyl group was changed into an N,N-dimethylcarbamoyl group, because LTB4 dimethylamide has a strong antagonistic activity. 3) Though several synthetic studies on LTB4 itself4) have been reported since its discovery, we have devised a very useful method for constructing geometric isomers of LTB3 derivatives. It is characterized by the combination of two Wittig reactions. In this synthesis, the butyne derivative (5) was used as the middle olefinic part and the other two olefinic parts were introduced by means of Wittig reaction with two phosphonate derivatives, as illustrated in Chart 1.
All-trans derivatives (la, lb) were synthesized by Wittig reaction of the enal (6) obtained from 5. trans-cis-trans derivatives (2a, 2b) were synthesized by hydrogenation of the corresponding acetylenic intermediates, which were prepared in a similar manner starting from the ynal (16). trans-trans-cis and cis-trans-trans derivatives (3a, 3b, 4a, 4b) were also synthesized by hydrogenation of the corresponding acetylenic intermediates, which were reduced with some chiral reagents. B-3-Pinany1-9-borabicyclo[3.3.1]nonane,8a) Baker's yeast") and lithium aluminum hydride decomposed by (-)-N-methylephedrine8c) gave unsatisfactory results. However, with Noyori's reagent ((R)-lithium 1,1'-binaphthy1-2,2'-dioxy-ethoxyaluminum hydride ((R)-BINAL-H)),9) the dienone (11) was reduced into (6R)-12 (R = H; 49%, 80% ee). On the other hand, reduction of 11 with (S)-BINAL-H gave (6S)-12 (R =H; 75%, 75% ee). Then, (6R)-12 and (6S)-12 (R =H) were acylated with (L)-menthoxyacetyl chloride to give (6R)-12 and (6S)-12.
These absolute configurations were estimated on the basis of Noyori's general rule that k.R)-alcohols are obtained by reduction of enones with (R)-BINAL-H, and that (S)-alcohols are obtained by reduction of them with (S)-BINAL-H.9) These configurations were confirmed by comparison of the proton nuclear magnetic resonance (11-1-NMR) spectra of (6R)-12 and (6S)-12 (R =(R)-a-methoxy-a-trifluoromethylphenylacetyl (MTPAc)),10) which were prepared from (6R)-12 and (6S)-12 (R = H) by acylation with (R)-a-methoxy-a-trifluoromethylphenylacetyl chloride (MTPAcCI). Namely, the olefinic protons of (6R)-12 (R MTPAc) are significantly shifted downfield in comparison with those of (6S)-12 (R = MTPAc) as shown in Table I . This result suggested that (6R)-12 (R = MTPAc) has R configuration at C-6, because this downfield shift may be caused by anisotropy of the phenyl group.
Compounds (6R)-12 and (6S)-12 (R = (L)-menthoxyacetyl) were also separated by chromatography on a LoBar column, as follows. The dienone (11) was reduced with NaBH4 and acylated with (L)-menthoxyacetyl chloride to give a diastereomeric mixture of 12 quantitatively. This was chromatographed on a LoBar column to afford (6R)-12 and (6S)-12 , which showed the same '11-NMR and infrared (IR) spectra as (6R)-12 and (6S)-12 obtained by asymmetrical reduction.
Then (6R)-12 and (6S)-12 (R =(L)-menthoxyacetyl) were deprotected with ptoluenesulfonic acid to give (6R)-13 and (6S)-13, respectively. Oxidation of (6R)-13 and (6S)-13 with active manganese (IV) oxide followed by Wittig reaction with methyl 5-(triphenylphosphoranylidene)levulinate and isomerization with iodine gave the ester (11 R)-14 (11%) and (11S)-14 (12%). Deprotection of each of (11R)-14 and (11S)-14 with K2CO3 in Me0H followed by reduction with NaBH4, amidation with dimethylamine and separation by HPLC afforded two optically active all-trans nor LTB3 derivatives ((4R,1 1R)-1a, (4S,1 1R)-la and (4R,11S)-1a, (4S,11S)-1a), respectively.
The configurations at C-4 of (4R,11R)-la and (4S,11R)-la were confirmed as follows. Compounds (11R)-14 was reduced with NaBH4, acylated with MTPAcC1 and separated into two diastereoisomers ((4R,11R)-15 and (4S,11 R) -15) by HPLC. Their configurations at C-4 were estimated by comparison of their 1H-NMR spectra, in a manner similar to that described for the determination of the configurations of (6R)-12 and (6S)-12. Namely, the olefinic protons of (4R,11R)-15 are significantly shifted downfield in comparison with those of (4S,11R) -15 . Deprotection of (4R,11R)-15 and (4S,11R) -15 with K2CO3 in Me0H followed by amidation with dimethylamine afforded (4R,11R)-la and (4S,11R)-1a, respectively. On the other hand, (4R,11S)-la and (4S,11S)-la showed the same 1H-NMR and IR spectra as (4R,11R)-la and (4S,1 1R)-la. Thus, the configurations at C-4 of (4R,11S)-la and (4S,1 1S)-la were determined by comparison with (4R,11R)-la and (4S,11R)-la in respect to optical rotations and retention times in HPLC.
trans-cis-trans LTB3 Derivatives (2a, 2b)
The diolamides (18a, 18b) were synthesized from 1611) by the same procedure as used in the syntheses of la and lb in 33% and 23% yields respectively. Hydrogenation of 18a or 18b was carried out using Lindlar catalyst and quinoline12) to give the trans-cis-trans LTB3 derivatives (2a, 2b), quantitatively. In this reaction, isomerization of the cis olefin in 2a or 2b did not occur.
trans-trans-cis LTB3 Derivatives (3a, 3b) Wittig-Horner reaction of 7a or 7b with the sodium salt of dimethyl (2-oxodecyl)phosphonate in the presence of NBS afforded the bromodiones (19a, 19b),5) which were reduced with NaBI-14 and treated with dimethylamine to give the diolamides (20a, 20b). Dehydrobromination of 20a or 20b performed with 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) (toluene, 110 °C, 5 h) or KOtBu (dimethyl sulfoxide (DMSO), 10 °C, < 10 s)13) gave 21a or 21b (24% from 7a, 35% from 7b). We concluded that the geometry of the newly formed olefins in 20a and 20b is trans, as illustrated in Chart 7, because dehydrobromination of 20a or 20b with KOtBu was completed in 10 s at 10 °C.13) Hydrogenation of 21a and 21b was carried out in the same manner as with the trans-cis-trans LTB3 derivatives (2a, 2b) to give the transtrans-cis LTB3 derivatives (3a, 3b), quantitatively.
cis-trans-trans LTB3 Derivatives (4a, 4b)
The cis-trans-trans LTB3 derivatives (4a, 4b) were obtained from 6 by the same procedure as shown in Chart 8 in 10% and 28% overall yields, respectively.
All of the LTB3 derivatives prepared above have different retention times in HPLC. The geometry of their triene moiety was determined from the 'H-N MR spectra. In the case of the series of cis derivatives (2, 3, 4) , their geometries were confirmed by the coupling constants of their olefinic protons. In the case of all-trans derivatives, we could not assign their olefinic protons. Therefore, we determined their geometries from the coupling constants of the olefinic protons of the corresponding all-trans dione esters.
We have synthesized a series of LTB3 derivatives with various a and co chains by the method mentioned above. Some of them showed anti-LTB4 activity or agonistic activity.14) Further studies are planned on the structure-activity relationship. (5E,7E,9E)-N,N-Dimethyl-4,11-dihydroxynonadeca-5,7,9-trienamide (la) NaBH4 (1 g) was added to an Me0H solution (300 ml) of 8a (6.04 g) at 0 °C, and the mixture was stirred at 0 °C for 2 h. Then, Me2NH (60 wt.% solution in water; 100 ml) was added. The resulting mixture was stirred at room temperature for 12 h, poured into water and extracted with AcOEt. The extract was washed, dried, concentrated, and chromatographed on silica gel (0-10% Me0H/AcOEt (v/v)) to give la (4.3 g; 69%) as a colorless oil. 'H-NMR (CDC13, 270 MHz) 6 
